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REMARKS 

L The Rejection Under 35 U.S,C. §103(a) Should be Withdrawn 

Claims 1-4, 8-11, and 61-62 are rejected under 35 U.S.C. 103(a) as allegedly 
unpatentable over Marx et al Proc Am, Soc. Clin, Oncology (1997), Vol. 18, No. 1751, p 454 
("Marx") and Houghton et al. Cancer Chemother Pharmacol (1995), Vol 36, p 393 
("Houghton). (Office Action, pages 2-3). Applicants respectfully traverse this rejection. 

Applicants respectfully submit that the instant claims are not obvious because: 

1 . The Examiner has not established a prima facie case of obviousness because thalidomide 
was not "well recognized" at the time of the invention for the treatment of cancer "broadly;" 

2. There was no reasonable expectation of success at the time of this application in 
combining topotecan and thalidomide for the treatment of cancer; 

3. The art at the time of the invention taught away from the use of thalidomide in cancer 
therapy; and 

4. Sufficient unexpected results are provided to rebut any presumption of obviousness. 
Each of these points is discussed below. 

1. The Examiner has not established a prima facie case of obviousness because 
thalidomide was not "well recognized" at the time of this application for the 
treatment of cancer "broadly. 

It is alleged in the Office Action that it would have been obvious to combine 
topotecan and thalidomide for the treatment of cancer. The basis for this allegation is the 
assertion that "[t]opotecan and thalidomide are well recognized in the art for the treatment of 
cancer individually." (Office Action, page 4). In reaching his conclusion, the Examiner has 
relied on the rationale that "use of materials in combination, each of which is known to 
function for intended purpose, is prima facie obvious." (Id., citing Ex parte QuadrantiL 25 
USPQ2d 1071 (BPAI 1992)). However, Applicants respectfully submit that the Examiner's 
reliance on this rationale is improperly based on a false premise that thalidomide was "well 
recognized" at the time of the invention for the treatment of cancer "broadly," as discussed 
below. (Office Action, page 4). 
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In order to establish the alleged prima facie case of obviousness, the Examiner relies 
on the proposition that thalidomide was "well recognized" at the time of the invention "to be 
effective in treating cancer broadly." (Id). In support of this allegation, the Examiner cites to 
Marx, which discloses results that the authors themselves acknowledge are "preliminary." 
(Marx, line 21). Moreover, as reported in Marx, when thalidomide was administered to 
patients having various tumor groups, a partial response to thalidomide was observed in only 
2 of the 33 patients assessable for response, and stable disease was observed in less than 1/3 
of the treated patients. (Marx, lines 4-9). Since Marx reports that less than 7% of patients 
exhibited a partial response to thalidomide, it can not be said that thalidomide was "well 
recognized" to treat cancer on the basis of Marx. Indeed, Applicants respectfully submit that 
the Examiner has improperly taken Marx out of context to support the alleged prima face 
case of obvious and has disregarded what the teachings of Marx would fairly suggest to one 
skilled in the art. In this regard, Applicants respectfully remind the Examiner that "it is 
impermissible to pick and choose from any one reference only so much of it as will support a 
given position, to the exclusion of other parts necessary to the full appreciation of what such 
reference fairly suggests to one of ordinary skill in the art." (In re Wesslau, 353 F.2d 238, 
241, 147 USPQ 391 (CCPA 1965)). 

Further, contrary to what is alleged by the Examiner, conflicting assessments 
regarding thalidomide's efficacy in treating cancer were also well-known in the art at the time 
of this application. In this regard, Applicants respectfully invite the Examiner's attention to 
Gutman et aL, Anticancer Research 16: 3673 (1996) ("Gutman"), 1 entitled "Failure of 
Thalidomide to Inhibit Tumor Growth and Angiogenesis." As the Examiner will see, 
Gutman clearly reports that no efficacy was shown when thalidomide was administered to 
mice having melanoma and colon carcinoma. (Gutman, abstract). 

In addition, Applicants also invite the Examiner's attention to Eisen et al. t British 
Journal of Cancer (2000), 82(4), 812 ("Eisen"). 2 As disclosed in Eisen, 66 human patients 
having ovarian, renal, melanoma, or breast cancer were administered thalidomide. However, 
Eisen reports that only 3 of the 18 patients with renal cancer exhibited a partial response to 
thalidomide. Eisen further reports that none of the 19 patients with ovarian cancer, none of 



1 Attached hereto as Exhibit A. 

2 Attached hereto as Exhibit B. 
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the 1 7 patients with melanoma, and none of the 1 2 patients with breast cancer exhibited a 
partial response to thalidomide. 

Therefore, Applicants respectfully point out that the teachings of Gutman and Eisen 3 
are completely contradictory to the Examiner's allegation that thalidomide was known to be a 
"well established" agent for the treatment cancer "broadly." Indeed, Gutman and Eisen 
report that the administration of thalidomide in vivo was actually shown to be ineffective in 
treating certain cancers. Thus, the Examiner's finding of obviousness based on the rationale 
that "use of materials in combination, each of which is known to function for intended 
purpose, is prima facie obvious" cannot stand where one of the constituents {i.e. thalidomide) 
was not known to function for the intended purpose as instantly claimed (i.e. for the treatment 
of cancer). For these reasons alone, Applicants respectfully submit that no prima facie case 
of obviousness has been established and request that the rejection under 35 U.S.C. §103 be 
withdrawn. 4 

2. There was no reasonable expectation of success in combining topotecan and 
thalidomide for the treatment of cancer. 

The Examiner has alleged that the combination of thalidomide and topotecan "would 
have yielded predicable results to one of ordinary skill in the art at the time of the invention" 
because "Houghton explicitly teaches the treatment of cancer using a topoisomerase I 
inhibitor (topotecan) in combination with other cytotoxic agents." (Office Action, pages 4- 
5). Applicants respectfully disagree. 

To have a reasonable expectation of success, "one must be motivated to do more than 
merely 4 vary all parameters or try each of numerous possible choices until one possibly 
arrived at a successful result, where the prior art gave no indication of which parameters were 
critical or no direction as to which of many possible choices is likely to be successful f " 
(Medichem, S.A. v. Rohaldo, 437 F. 3d 1157, 1165 (Fed. Cir. 2006) (quoting In re OTarrell, 
853 F.2d 894, 903-04 (Fed. Cir. 1988)). Indeed, "prior art fails to provide the requisite 

* In addition, Marx, the reference relied on by the Examiner, also appears to be in accord with Gutman and 
Eisen, as discussed above. 

4 Applicants further submit that reliance on this rationale as a per se rule in any obviousness determination is 
improper, as set forth in Applicants' response of September 7, 2007. As the Examiner is aware, KSR is now the 
controlling authority with regard to determinations of obviousness under 35 U.S.C. § 103. (KSR International 
Co. v. Teleftex Inc. 127 S.Ct 1727, 167 (L.Ed.2d 705, 75 USLW 4289, 82 USPQ2d 1 385)). In this regard, the 
Supreme Court in KSR expressly warned against the application of "rigid and mandatory formulas" in 
determining obviousness. (Id. at 1741). 
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"reasonable expectation' of success where it teaches merely to pursue a 'general approach 
that seemed to be a promising field of experimentation, where the prior art gave only general 
guidance as to the particular form of the claimed invention or how to achieve it*" (Id., 
quoting In re O Tarrell 853 F.2d at 903). 

In this regard, even while Houghton may disclose the possibility combining topotecan 
with other cytotoxic agents, Houghton does not teach a combination with any specific 
cytotoxic agent, much less thalidomide. 5 Moreover, other than incorrectly alleging that 
thalidomide was known to effectively treat cancer broadly, the Examiner has not pointed to 
any teaching that would have provided "any direction as to which of many possible choices is 
likely to be successful." (Id.). This is precisely what the courts have held not to be a 
reasonable expectation of success. (Id; O'Farrell, 853 F.2d at 903-904). 

Indeed, absent any specific teaching that would have given one skilled in the art a 
reason to use thalidomide in combination with topotecan for the treatment of cancer, one 
skilled in the art would not have found any expectation of success in such a combination. 
This is especially true where thalidomide's efficacy in treating cancer was not at all 
established in the art, as discussed above. As stated by the Federal Circuit, "there can be little 
better evidence negating an expectation of success than actual reports of failure." 
(Boehringer Ingelheim Vetmedica, Inc. v. Schering-Plough Corp., 320 F.3d 1339, 1354, 65 
USPQ2d 1961 (Fed Cir. 2003) (emphasis added)). As such, Applicants respectfully point out 
that no reasonable expectation of success in the claimed combination for the treatment of 
cancer would have existed, and thus, respectfully request that the rejection under 35 U.S.C. 
§103 be withdrawn for this additional reason. 

3. The art at the time of the invention taught away from the use of thalidomide in 
cancer therapy. 

Applicants respectfully point out that the claimed invention could not have been 
obvious because there was ample evidence in the art that would have taught those skilled in 
the art away from the claimed invention. As well settled, 4t [a] reference may be said to teach 
away when a person of ordinary skill, upon reading the reference, would be discouraged from 
flowing the path set out in the reference. . (In re Gurley, 27 F.3d 551 , 553, 3 1 U.S.P.Q.2d 
1 130 (Fed. Cir. 1994) (emphasis added)). Indeed, 4i [a] reference will teach away if it 

5 Furthermore, taking a step back, no evidence of teaching or suggestion that thalidomide is a cytotoxic agent is 
provided by the Examiner. 
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suggests that the line of development flowing from the reference's disclosure is unlikely to be 
productive of the result sought by the applicant." (Id) (emphasis added). Further, in 
Yamanouchi Pharmaceutical Co. Ltd. v. Danbury Pharmacal, Inc., 231 F.3d 1339, 1344-45, 
56 U.S.P.Q.2d 1641 (Fed. Cir. 2000), the Federal Circuit held that the selection of a 
compound as a lead compound for drug development was not obvious even though the 
compound exhibited activity that was three times greater than the benchmark compound . In 
explaining its determination, the Court focused on the disclosure of better alternatives that 
were up to ten times more active than the benchmark compound and held that the required 
motivation was not shown. (Id.). 

As set forth supra, Gutman and Eisen reported at the time of this application that 
thalidomide may be ineffective in the treatment of various cancers in vivo. Further, as set 
forth in Applicants' response of September 7, 2007, the administration of thalidomide to 
pregnant women was well known to cause birth defects. (Specification, page 6, line 38-page 
7, lines 1-5). In view of this information, one skilled in the art would have been discouraged 
from using thalidomide in the treatment of cancer, much less using it in combination with 
topotecan in the treatment of cancer. Instead, similar to Yamanouchi, one skilled in the art 
would have selected a "better" alternative to thalidomide - i.e. a compound that was known 
to be effective in treating various cancers, while not causing any adverse effects - to use in 
combination with topotecan in the treatment of cancer. Thus, under the legal principles set 
forth above, the art at the time of the invention would have taught those skilled in the art 
away from using thalidomide in combination with topotecan for the treatment of cancer, and 
thus, the rejection under 35 U.S.C. §103 should be withdrawn. 

4. Sufficient unexpected results are provided to rebut any presumption of 
obviousness. 

Applicants respectfully submit that, even assuming, arguendo, that a prima facie case 
of obviousness were established, sufficient unexpected results were provided by Applicants 
to rebut any presumption of obviousness. 

In this regard, Applicants previously submitted an article from the National Cancer 
Institute, which disclosed that 47% of 30 patients who received thalidomide plus topotecan 
experienced a complete or partial response, significantly more than the 21% of 39 patients 
who received topotecan alone. (See Exhibit B of Applicants Response of September 7, 
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2007). Moreover, "[a]dding thalidomide to a topotecan regimen for recurrent ovarian cancer 
significantly enhances therapeutic response and increases progression-free survival without 
increasing incidence of toxicity ." {Id,, emphasis added). 

In response, the Examiner alleges that "contrary to applicant's assertion, one of 
ordinary skill in the art would indeed expect an additive effect in regards to combination 
therapy." (Office Action, page 5). At the outset, Applicants respectfully point out that there 
would have been no expectation of an "additive effect" when thalidomide was not known to 
have an established efficacy in treating cancer, as discussed above. 

Moreover, Applicants respectfully point out that, as clearly discussed in the 
specification, the efficacy of the claimed combination is also based on the observation that 
combining thalidomide and topotecan did not result in an increase in toxicity . (Specification, 
page 4, paragraphs 36-39). As is known to one skilled in the art, "combinations of agents are 
limited by overlapping toxicities , and increases in dose intensity or treatment duration can 
result in considerable toxicity." (Raza et al. 9 Leukemia & Lymphoma, 2006, 47, 3, p 438 
("Raza") 6 (emphasis added)). For example, Applicants respectfully invite the Examiner's 
attention to Riedel et al., Lung Cancer (2006) ("Riedel"). 7 As disclosed in Riedel, patients 
with extensive small-cell lung cancer were administered thalidomide in combination with 
carboplatin and irinotecan (a topoisomerase inhibitor). However, the treatment was 
terminated because "£n]o patients were able to tolerate thalidomide beyond ~2 months from 
study entry. All enrolled patients discontinued thalidomide due to intolerances and 
associated adverse events." (Riedel, column 1). As such, it is an unexpectedly superior 
result when agents are successfully used in combination without a significant increase in side 
effects, especially where, such as here, the two agents are both known to produce serious 
adverse effects. Such a consideration is absent from the Examiner's reasoning. 

The Examiner further alleges that the submitted unexpected results are not 
commensurate with the scope of the claims because i4 [t]he instant claims are drawn to the 
treatment of cancer broadly -/.e. 9 not limited to the treatment of ovarian cancer," (Office 
Action, page 5). 



6 Attached hereto as Exhibit C. 
' Attached hereto as Exhibit D. 
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First, Applicants again respectfully invite the Examiner's attention to Raza. As 
disclosed in Raza, patients with myelodyplastic syndrome ( U MDS") were administered 
topotecan/thalidomide combination therapy. (Raza, abstract). Of the 38 patients evaluated 
for response, 25% had hematologic improvement and 34% had stable disease. (Id.). 
Notably, "[djespite predisposing factors, such as the relatively high mean age of the current 
trial population, very few patients in the current trial experienced any high-grade 
nonhmeatologic toxicities." (Id., p 439). Indeed, the combination therapy was "generally 
well tolerated" in patients. (Id.). 

As is well settled, the nonobviousness of a broader claimed range can be supported by 
evidence based on unexpected results from testing a narrower range as long as "one of 
ordinary skill in the art would be able to determine a trend in the exemplified data which 
would allow the artisan to reasonably extend the probative value thereof." (MPEP 
§716.02(d)I, citing In re Kollman, 595 F.2d 48, 201 USPQ 193 (CCPA 1979)). Thus, based 
on the efficacy and safety data with regard to ovarian cancer and MDS, one skilled in the art 
would be "able to ascertain a trend in the exemplified data which would allow him to 
reasonably extend the probative value" to the entire scope of the claims. (Id.). For these 
reasons alone, Applicants respectfully submit that sufficient unexpected results have been 
provided to rebut any presumption of obviousness. 

Second, as discussed supra, the unexpected results are also based, in part, on the 
observation that combining thalidomide and topotecan did not result in an increase in 
toxicity. Indeed, Applicants have submitted data showing that thalidomide and topotecan 
may be safely administered to humans without causing an increase in significant side effects. 
This observation should then be generally applicable regardless of the specific type of cancer 
being treated because it is the same two agents that are being administered . 

On the other hand, topotecan itself is known to have anti-cancer efficacy against a 
broad spectrum of cancers. As the Examiner acknowledges, topotecan is "well recognized in 
the art for the treatment of cancer." (Office Action, page 4). Indeed, as shown in the BCCA 
Cancer Drug Manual, 200 1, 8 Topotecan has been used to treat various cancers including 
ovarian cancer, small-cell lung cancer, gliomas, actue myelogenuous leukemia, chronic 
melomonocytic leukemia, non-small cell lung cancer, multiple myeloma, MDS, 



Attached hereto as Exhibit E. 
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neuroblastoma, pancreatic cancer, retinoblastoma, rhabdomysarcoma, and Ewing's sarcoma, 
(Id.). Consequently, as the unexpected tolerability of the claimed combination was shown, 
and such tolerability should be equally applicable to any type of cancers against which 
topotecan is known to be effective, the unexpected result provided herein is indeed 
commensurate with the scope of the claims, i.e., the treatment of cancer. 

For the foregoing reasons, Applicants respectfully submit that sufficient unexpected 
results, commensurate with the scope of the claims, have been provided to rebut any 
presumption of obviousness. Thus, Applicants respectfully request withdrawal of the 
rejection under 35 U.S.C. §103. 

II. Conclusion 

For at least the foregoing reasons, Applicants respectfully submit that all of the 
pending claims are allowable, and thus, request that the rejections be withdrawn. 

A fee of $120.00 is believed due for the Extension of Time. Further, a fee of $810.00 
is believed due for the submission of the Request for Continued Examination. If any 
additional fees are due for the submission of this paper or to avoid abandonment of this 
application, the Director is authorized to charge them to Deposit Account No. 50-3013. 



Date: 



March 25, 2008 



Hoon Choi Ltd. Reg. No.: L0209 

for: Anthony M. Insogna Reg. No. :3 5,203 
JONES DAY 

12265 El Camino Real, Suite 200 
San Diego, CA 92130 
(858) 314-1200 



Respectfully Submitted. 
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ANTICANCER RESEARCH 16: 3673-3678 (1996) 



Failure of Thalidomide to Inhibit Tumor Growth and Angiogenesis 

in Vivo 

MORDECHAI GUTMAN^ AMIR SZOLD*. ANAT RAV1D1, TUVIA LAZAUSKASl, OFER MERIMSKY2 

and JOSEPH M KLAUSNERi 

Departments of iSurgery and ^Oncology, Tel Aviv Sourasky Medical Center, affiliated to the Sackler School of Medicine, 

Tel Aviv University, Israel 



Abstract. Thalidomide was recently suggested to be an angh 
ogenesis-inhibitor following the demonstration of its activity in a 
rabbit cornea micropocket model. The purpose of the present 
study was to test its efficacy in solid tumors in mice, &16-F10 
melanoma and CT-26 colon carcinoma cells were injected 
subcutancously, intravenously and intraperitoneaUy t and mice 
received daily gavage of 03-10 mg thalidomide starting either 
two or 10 days following tumor cell injection. The tumors were 
measured and compared with controls. There was no growth 
retardation in CT-26 bearing mice nor in mice with pulmonary 
or peritoneal metastases of B16-F10 melanoma, In 317 groups of 
mice with SC B16-F10 tumors, growth retardation was 
demonstrated, however the difference was not statistically 
significant All tumors eventually reached maximal size, similar 
to controls. Morphological evaluation of the blood vesseb 
oriented towards the tumor revealed that in both thalidomide 
and control groups, all mice had developed an intact network of 
new blood vessels In our model for the oral administration of 
thalidomide inhibition of tumor growth and angiogenesis did not 
occur. We hypothesize that the lack of sustained antiangiogenic 
response was either due to immune modulation or to tumor 
heterogeneity and adaptation, 

In order to grow beyond 2 mm in diameter, a tumor must 
establish a network of blood vessels providing an adequate 



supply of oxygen and nutrients, this process, known as 
angiogenesis, has been studied extensively and has been 
implicated as being an essential step in the pathway of tumor 
growth and metastasis (1-3]. Moreover, the quantification of 
the new blood vessels in different human cancers has shown a 
direct correlation with their potential to invade and produce 
metastasis [4,5] It is not surprising, therefore, that inhibition 
of angiogenesis has been the target of novel anticancer 
strategies [2,6,7], One agent suggested to be arjtiangiogenic is 
thalidomide [8]. 

Thalidomide was developed in the 1950s as a powerful and 
safe sedative which appeared to be non-toxic in rodent 
models. However, soon after its administration in humans it 
was found to be teratogenic, causing dysmelia (stunted limb 
growth). Recently, D'aroato et al [8] postulated that the limb 
defects seen with thalidomide were secondary to inhibition of 
vessel buds within the limb. They showed that* orally 
administered thalidomide is an inhibitor of angiogenesis 
induced by the best known angiogenic molecule, basic 
fibroblast growth factor (bFGF) in the rabbit cornea 
micropocket assay (8]. These results suggested clinical 
applications for using thalidomide in the treatment of 
diseases involved in pathological angiogenesis, including solid 
tumors. The purpose of the present study was to study 
whether thalidomide could inhibit angiogenesis and hence 
tumor growth in solid tumors in vivo. 



Materials and Methods 



Correspondence to: M. Gutmsn, M.D., Deputy Head, 
Departments of Surgery B&C, Tel Aviv Sourasky Medical 
Center, Weizmano Street, Tel Aviv 64239, Israel (Tel: +972-3- 
6974580; Fax: +972-3-6974635). 

Key Words: Angiogenesis, thalidomide, animal models, therapy. 
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Tumor cell lines. The highly metastatic B16-F10 melanoma and CT-26 
colon carcinoma cells were teed in this study. B16-FI0 ceBs syngeneic to 
C57BL mice were * gift of Dr. U. FidJer from the MD. Anderson 
Cancer Center in Houston, Texas* USA CT-26, syngeneic to BAJLB/c 
mice was a gift from Dr. R Kashtan of the Tel Aviv Medical Center. 
The cells were maintained in Eagle's tnirarauin essential medium. 
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Figure I. Growth retardation of B16-F10 melanoma cells injected SC by 
oral thalidomide administration (300 n%}mouselday), initiated 10 days after 
tumor injection. 



supplemented with 5 % fetal calf serum (FCS), sodium pyruvate, non- 
essential amino acids, L~glutamine,. a 2-fokJ vitamin solution (Beit 
HaEmek Bioproductt, Israel). For in vivo studies, tumor cells were 
harvested from subconfluent cultures by a one minute treatment with 
0.25 % trypsin and 0,02 % EDTA. Trypsinization was stopped with 
medium containing 10% FCS. The cells were washed once and 
resuspended in phosphate buffered saline (PBS) for injection. Only 
single cell suspensions with greater than 90% viability (tested by trypan 
blue exclusion) were used for injections. 

Animals and in vivo studies. Female C57BL and BAJLB/c mice were 
purchased from the Weizmann Institute of Science (Rehovot, Israel). 
The mice were maintained in accordance with Israel Ministry of Health 
and institutional regulations. To produce subcutaneous (SC) tumors, 
mice were anaesthetized with ketamine; and tumor cells (in 04 ml PBS) 
were injected into the right scapular area- To count the blood vessels 
tumor cells were injected into the ventral abdominal wall. The resulting 
SC rumors were measured with a caliper three times a week. Tumor 
volume was calculated by the formula: volume *WJ x 172, where 
W»short and LHong diameter [9J. To produce pulmonary or 
intraabdominal metastases, tumor celts (in 0.1 ml PBS) were injected 
into the lateral tail vein or IP to anesthetized mice. The mice were killed 
when moribund or at 21 days following tumor cell rejection, autopsied, 
aad the number of metastases counted under a dissecting microscope. 

Drugs, Thalidomide, (a gift from Gruoentahi GraBH, Germany) was 
provided as powder For oral administration in mice, it was suspended in 
distilled water and prepared daily for each feeding. The suspension was 
administered to the mice dairy by gastric gavage in a volume of 0.1-0.5 
nri. 

Siatistical analysis. The data was analyzed for significance using the 
student's t-test 



Result* 

In the first set of experiments, we injected 1 x 105 B16-F 10 
a*d CT-26 cells to C57BL and BALB/c mice respectively. The 
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Figure 2. Growth retardation of B16-F 10 melanoma cells injected $C by 
oral thalidomide (0.5 mgfmousefday), initiated two days after tumor 
injection. 



cells were injected SC, intravenously (IV) .and 
intraperitoneally (IP) to different groups of mice (n= 10). 
Ten days later, before any visible tumor could be seen or 
palpated, each group began to receive a daily gavage of 300 
ug/mouse thalidomide in 0.3 ml of dl^O or dF^O as control 
(n=5). Daily feeding continued until termination of the 
experiment. 

In both the IV and IP groups, some animals were 
moribund after 21-24 days of treatment and were killed by 
cervical dislocation. At autopsy, both the thalidomide and 
dH20 groups had multiple ( > 50 per mouse) metastases. 
Therefore, no further experiments using IV or IP injections 
were performed. Fourteen days after injection of B16-F10 
cells, visible tumors were noted in 2/5 mice in the SC control 
group, compared to none in the SC thalidomide group. 
Thereafter, tumor growth was slower in the thalidomide 
treated group, reaching a mean volume of 1490 ± 280 mm3 
20 days after injection compared to 1968 ± 390 mm> in the 
control group (Figure 1) (p=RS.) In the BALB/c group 
injected SC with CT-26 cells, no difference either in time of 
tumor appearance or in final tumor size was found between 
the treated and control groups (2020 ± 512 mrn^ vs 1990 + 
482 mm3 a t day 28 after injection, respectively); 

Since there were no demonstrable differences within the IP 
and IV groups, further experiments were performed using SC 
rumors only. Mice were injected with B16-F10 and CT-26 
ceils and the dairy gavage of 300 ug thalidomide was begun on 
day two following tumor cell injection, to avoid the possibility 
that artgiogenesis had already begun prior to commencing 
treatment in the previous set of experiments. In the CT-26 
group, no difference could be seen at any time point (data not 
shown), so ail experiments using CT-26 cells were stopped. In 
the B16-F10 group, there was a marginal difference between 
the thaiidomide-treated mice and controls (1840 ± 411 vs 
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Figure 3. Macroscopic appearance of B26-F10 tumors growing SC in 
C57BL mice treated by 0.5 mg/day thalidomide. 



2080 ± 394 mm* respectively). Therefore, in the next group 
of mice (n= 10) the thalidomide dosage was increased to 0.5 
mg/mouse. The time interval for tumor appearance was 
shorter in the thalidomide group; at 16 days after rumor ceil 
injection, 2/5 mice had visible tumors compared to 5/5 in the 
control group. In addition, some delay in tumor growth was 
noted,although eventually both groups reached the same size 
(Figure 2). These results, although promising, were not 
reproducible, and in the next two groups of mice, no 
difference could be found. To determine whether a higher 
dose of thalidomide could improve the results, the dosage was 
increased to 2 mg/mouse in 0.5 ml of QH2O. No significant 
difference was found, either regarding time interval for tumor 
appearance, or eventual tumor size (1704 ± 426 and 2197 ± 
510, average of two groups of mice at day 26-28 following 
tumor ceil injection). 
In order to perform morphologic evaluation of tumor 



vascularization, 50,000 B16-F10 cells were injected SC into 
the ventral abdominal wall of two groups of mice (n=5). Two 
days later, daily gavage of 0.5 mg thalidomide or dH 2 0 
(control) was begun. On day 12, with tumors measuring 2-5 
mm in diameter, the mice were killed. A midline incision was 
made and the skin dissected from the underlying tissues. The 
tumor and surrounding skin were photographed and the 
number of vessels oriented towards the tumor determined by 
a previously described method [10]. The vessels were readily 
detectable due to their increased tortuosity and tendency 
towards loop formation [11], The average vessel count in both 
treated and untreated animals was similar (19 ± 3 vs 18 ± 4); 
the thalidomide treated mice had also developed a clearly 
visible network of new blood vessels (Figure 3). 

Discussion 

Inhibition of angiogenesis is a novelCnd exciting modality of 
cancer therapy. Theoretically it should be non-toxic, since 
physiologic angiogenesis does not commonly occur in adult 
life. Angiogenesis can be inhibited by diverse mechanisms. 
Ezekowitz et al have shown that chronic daily administration 
of low dose interferon (IFN)-a induced complete regression 
of life-threatening hemangiomas in infants (12]. The effects of 
IFN-ct arc likely to be due to downregulation of basic 
fibroblast growth factor (bFGF) mRNA expression and 
protein production [13,14]. Thrombospondin (TSP)-l also 
inhibits angiogenesis . by antagonizing bFGF. TSP-I is 
regulated by P53, mutation or deletion of which were shown 
to be associated with loss of TSPI and increased angiogenesis 
(15]. Recently, a tumor-induced inhibitor of angiogenesis, 
angiostatin, was introduced, shedding light on some 
previously unknown mechanisms of rumor progression and 
metastasis [16]. . 

The understanding of tumor angiogenesis mechanisms has 
led to many experimental interventions. Systemic admi- 
nistration of antibodies to bFGF [17], vascular endothelial 
growth factor [18], and angiogenin [19] have all been shown 
to inhibit the in vivo growth of tumor cells. The combination 
of chemotherapy with angiogenesis inhibitors was synergistic 
in mice bearing 3LL tumors (6). Recently, D'Amato et al 
suggested thalidomide to be an angiogenesis inhibitor. 
Thalidomide is an attractive drug, since it is approved for use 
in most of the world and, in men and non-pregnant women, is 
non-toxic. D'Amatp et al postulated that the limb defects 
associated with thalidomide were due to the inhibition of 
angiogenesis ancj vasculogenesis during fetal development. 
They tested their hypothesis in a rabbit cornea micropocket 
assay, and found a correlation between teratogenecity and 
anti-angiogenic activity. Moreover,, electron microscopic 
analysis of the new blood vessels in the cornea and the 
deformed limbs showed similar specific ultrastructurai 
changes after treatment with thalidomide [8]. These results 
inspired the idea of testing thalidomide as an angiogenesis 
inhibitor in solid tumors in vivo. 
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Although thalidomide is not teratogenic in mice [20], it has 
immunomodulating and anti-tumor activities when given in 
doses of up to 100 mg/kg [21 J. 

The present study demonstrates that although thalidomide 
had no effect at all on the growth of CT-26 colon cancer, 
there was some trend towards effectivity on the BI6-F10 cells 
growing as SC tumors in mice. Regardless of drug dosage or 
delivery time schedule, some groups of mice had a longer 
time interval before rumor appearance, and a slower growth 
curve. However, tumor growth eventually occurred in all 
treated animals, and most of the animals tested did not 
respond to thalidomide. The explanation for the negative 
results obtained in our experiment may be either host or 
tumor factors. 

The intact, whole animal system is different from the 
cornea micropocket model the main difference being the 
extensive involvement of the immune system in solid tumor 
formation and progression. The relationship between iht 
immune system and tumor angiogencsis is complex. While it 
is the immune system's duty to eliminate the growing tumor, 
there is evidence that leukocytes and leukocyte products 
contribute to angiogenesis, probably by making angiogenic 
molecules which are utilized by the tumor [9,22]. Thalidomide 
is an immunomodulator whose best known effect is reducing 
tumor necrosis factor a levels by enhancing its mRNA 
degradation [23). As such, it could be adding to the complex 
relationship between tumor angiogenesis and the immune 
system. Administration of thalidomide to tumor bearing mice 
treated with the anti-tumor agent 5 ,6 dimethybtanthenon-4- 
acetic acid (5,6 MeXAA) increased the rate of complete 
tumor regression from 60% to 100% by an as yet unknown 
mechanism (20). 

Tumor factors can also account for the discrepancy 
between the rabbit cornea and the intact animal. Tumor cells 
are known to be highly heterogenous [24] and to adapt rapidly 
to environmental changes [25], Whilst one pathway of tumor 
angiogenesis is blocked, the tumor can probably compensate 
by developing another [3], This hypothesis could explain the 
initial delay in tumor growth observed in some B16-F10 
bearing mice. j 

In conclusion, the present study did not demonstrate a 
sustained, reproducible, anti-ahgiogenic effect of thalidomide 
in solid tumors growing in mice. This could be explained as 
being due either to a compensatory action of host factors such 
as the immune system, or to tumor heterogeneity and 
adaptation. The mechanisms which control angiogenesis in 
different rumors are likely to be highly diverse. Maximizing 
therapeutic efficacy will require either an individual 
determination of the "angiogenic profile" of each tumor and 
the use of a specific anti-angiogentc agent, or a combination 
of treatment modalities [3]. 
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Continuous low dose Thalidomide: a phase II study in 
advanced melanoma, renal cell, ovarian and breast 
cancer 
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Summary To grow and metastasize, solid tumours must develop their own blood supply by necH-jngioejenesis. Thalidomide inNblts the 
processing of mRNA encoding peptkto molecules including tumour nocrosis factor-alpha (TNF-a) and the angiogenic factor vascular 
endothelial growth factor (VEGF), TNs study investigated the use of continuous low dose Thalidomide in patients with a variety of advanced 
malignancies Sixty-six patients (37 women and 29 man; median age, 48 years; range 33-62 years) with advanced measurable cancer (19 
ovahan, 18 renal, 17 melanoma, 12 breast cancer) received Thalidomide 100 mg orally every night until disease progression or unacceptable 
toxicity was encountered. Three of 18 patients with renal cancer showed partial responses and a further three patients experienced 
stabilization of their disease for up to 6 months. Although no objective responses were seen in the other tumour types, there were significant 
improvements in patients' sleeping (P < 0,05) and maintained appetite (P < 0.05). Serum and urine concentrations of basic fibroblast growth 
factor (bFGF), TNF-a and VEGF were measured during treatment and higher levels were associated with progressive disease. Thalidomide 
was weft tolerated; Two patients developed WHO Grade 2 peripheral neuropathy and eight patients developed WHO grade 2 lethargy. No 
patients developed WHO grade 3 or 4 toxicity- Further studies evaluating the use of Thalidomide at higher doses as a singje agent for 
advanced renal cancer and in combination with blochemotherapy regimens are warranted. © 2000 Cancer Research Campaign 
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Angiogeuesis in melanoma and various carcinomas often corre- 
lates with the likelihood of the development of metastases and the 
prognosis of such patients (Wcidner et al, 1991; Folkman, ]99Sb; 
Weidncr, 1995; Erhard et al, 1997; Schiffenbauer ct al, 1997). A 
number of different angiogenic and sttfi-arigiogenic factors are 
known to be involved in regulation of the angiogenic cascade, 
including vascular endothelial growth factor (VEGF), acidic and 
basic fibroblast growth factor (bFGF), hepatocyte growth factor 
(scatter factor), platelet-derived growth factor, transforming 
growth factor-pi, mterleuldn-8 0L-8), tumour necrosis factor-oc 
(TNF-a), SPARC peptides, aagiostarm and mterfenm-a 
(Bussolino ct al, 1996)- These and other cytokines produced by 
endothelial cells can stimulate rumour cells in a paracrine manner 
(Hamada et al, 1992). Furthermore, normal endothelial cells 
within the tumour mass may be abnormally stimulated by 
diffusible growth factors released by tumour cells (Folkmati, 
1995a)* 

Angiogencsis uihibitors are now under investigation La patients 
(Burrows and Thorpe, 1994; Folkmait 19956; Ziegter, 1996). 
These include the commercially available agents Thalidomide, 
interferon-tt, paclitsxel, tamoxifen and medroxyprogesterone 
acetate, and experimental agents including ncirtnili^mg humanized 
antibodies to VEGF and bFGF, metaJloproteinasc inhibitors, 
TMP-470 (a synthetic analogue of fumagillin) and IL-12 (Iugber 

Recerv&S $0 JunC 1$$$ 
Revised 22 August 1999 
Accepted 20 October 1999 

Corresporitfence to: ME Gora 



et al, 1990; D'Amato et al, 1994; Voest et al, 1995; Gasparini, 
1996; Talbot and Brown, 1996). Artti-angiogcnie therapy appears 
to have its optimum efficacy if given daily or intermittently over a 
long period, acts mainfy on proliferating capillary endothelial 
cells, is generally of low toxicity and, in long-term animal studies, 
drug resistance has not developed (Folianan, 1995&), 

Thalidomide is known to have powerful anri-angiogemc activity 
(D'Amaco et al, 1994; Battcgsy, 1995), can eradicate experimental 
ami ours in mice (Chmg et al, 1995) and is used to treat the 
vascular tumour Kaposi's sarcoma with 60% of patients 
responding or achieving stable disease (Zieglcr, 1996)* Non- 
malignant indications for Thalidomide include retinal neo-vascu- 
larizaiion due to macular degeneration, leprosy, Crohn's disease, 
pulmonary tuberculosis, recurrent graft-versus-host disease and 
human lmrnurjo- deficiency virus-related oral aphthous ulcers 
(Vogelsang et al. 1992; Asscher, 1994; Cnwford, 1994; Folkman, 
1995a; Tramontana ct al f 1995; Jacobson ct al, 1997; Wettstein 
and Meagher, 1997). The notorious teratogenic effects of 
Thalidomide when administered to women in the first trimester of 
pregnancy in the 1960s (McBridc, 1961; tenz, 1962) have been 
attributed to inhibition of blood vessel growth in the developing 
fetal limb bud (D'Amato et al, 1994) and more recently to free 
radical-mediated oxidative DNA damage (Parman et al, 1999). 

Thalidomide increases the degradation of the mRNA of a 
number of peptide-signallmg molecules such as FGF (D'Amato er 
al, 1994) and TNT a (Chmg et al, 1995), The suppression ofTNF- 
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a m cancer patients may be of particular palliative benefit since 
high levels of TNF-ct have previously been linked to cachexia and 
rmnour-related malaise (Yoneda et al, 1 99 1 ; Haslerr, 1 998), 

The present phase II study assessed the efficacy and toxicity 
of continuous Thalidomide in the treatment of patients with 
metastatic melanoma, renal cell carcinoma and ovarian and breast 
cancer. In view of die dose-related peripheral sensory neuropathy 
found in patients on long-terra Thalidomide, we chose to employ 
the low dose of Thalidomide 100 rag orally every night in mis 
group of patients, many of whom had previously received neuro- 
toxic chemotherapy, and to follow all paiients with electrophysio- 
logical studies before and during therapy (Fuilerton and Kiemcr, 
1961; Powell and Gardncr-Medwin, 1994). Although lower than 
most doses employed for shorter periods, experience from treating 
Behcet's syndrome suggests that a Thalidomide dose as low as 
25 mg daily is clinically active (Eiscubud et al, 1987). As well as 
recording the palliative benefits and objective clinical responses 
to Thalidomide, we assessed biological responses by serially 
measuring serum TNF-ct and scrum and urinary V£GF and bFGF 
before and during treatment 

MATERIALS AND METHODS 

Patients 

Patients with histologically confirmed metastatic renal cell carci- 
noma, melanoma, ovarian cancer or breast cancer, were eligible for 
entry into this study. Eligibility criteria included the presence of 
metastatic disease that was measurable tn at least one diameter 
greater than 1 cm by clinical examination or imaging. The disease 
must have shown progression between two recorded time points and 
be defined clinically or by imaging. Patients must not have received 
endocrine therapy, radiotherapy, biological agents or chemotherapy 
in the previous 4 weeks. Marker lesions must not have received 
radiotherapy at any rime Patients had to be of ECOG performance 
Status 0-2. All patients bad to be older than IS years and had a life 
expectancy of greater than 12 weeks. Patients required adequate 
bone marrow reserve with white blood count greater than 3 x 10° H, 
platelets greater man 100x10* I" 1 , and haemoglobin more than IQg 
dH, normal renal function or a glomerular filtration rate greater than 
60 ml min -1 as assessed by EDTA clearance and adequate hepatic 
function defined as Hver function tests less than twice the normal 
values, unless due to metastatic disease. Female patients had to have 
a negative pregnancy test Any women of child-bearing age had to 
use adequate contraceptive methods during the study, tn view of the 
anti-angiogenic action of Thalidomide, any wound rrmsi have healed 
and any surgery other than a skin biopsy must have been performed 
more than 4 weeks prior to study entry- Patients with pre-existing 
peripheral neuropathy of WHO grade 2 or greater were not eligible 
for me study. 

The protocol was approved by the Royal Marsden Hospital 
Ethics Committee ami ail patients gave written informed consent 

Treatment 

Following baseline assessment at study entry patients started 
taking Thalidomide 100 mg (Pcnn Pharmaceuticals Ltd* Gwent 
UK) orally every night. Treatment continued until there was 
evidence of disease progression or unacceptable toxicity was 
encountered cr the patient wished to stop treatment for any reason. 
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Assessment of response and toxicity 

All patients were examined clinically before treatment Baseline 
laboratory investigations included full blood count, serum 
biochemistry, sensory nerve action potential (SNAP), serum and 
urine were frozen and stored for bFGF, VEGF and TNT -a assess- 
ment by enzyme-linked immunosorbent assay (ELISA) (R&D 
Systems, Abingdon, UK), electrocardiogram and serum pregnancy 
test for women of child-bcanrtg age. Paiients underwent imaging or 
clinical measurement as appropriate to assess their disease status at 
the start of treatment Patients completed a symptom distress scale 
(HAD and Rotterdam scores) before starting treatment 

Patients had a clinical examination, full blood count and 
biochemistry every month whilst on treatment Patients received a 
SNAP test, serum and urine were frozen and stored for bFGF, 
VEGF and TNF-a assessment, clinical imaging, symptom distress 
scale questionnaire and toxicity evaluation at 1, 3 f 6, 9 and 12 
months while on treatment 

Response was assessed according to standard International 
Union Against Cancer criteria following clinical measurement or 
imaging. Toxicity was assessed according to WHO criteria at each 
assessment visit (Millar et al 7 1981). Patients who received at least 
4 weeks of treatment were assessable fox response and all patients 
were assessable for toxicity. The response duration was defined as 
the time elapsed between start of treatment with Thalidomide and 
the date of progressive disease or last follow-up evaluation. Stable 
disease was defined as where neither partial response nor progres- 
sive disease could be established. 

Statistical considerations 

The threshold response rate for each individual rumour type below 
which the treatment would be considered ineffective was 15%- It 
was originally intended to recruit 1 9 patients for each tumour type, 
If there were no responses in these patients the study would be 
terminated. There was only a 5% chance that this would occur if 
the true response rate was 1 5%. We decided to tenninate the study 
before full recruitment had been completed because of the 
responses seen and because of slow recruitment of patients with 
breast cancer. The X 1 test and McNemax test for trend were used ro 
assess dificrenccs in quality of life before and during treatment 
with Thalidomide, 

RESULTS 

Patient characteristics 

Between July 1997 and March 1998, 66 eligible patients with 
advanced solid tumours under the care of the Royal Marsden 
Hospital London and Sutton, were entered into the study; 19 
patients had ovarian cancer, 13 men and five women had renal 
carcinoma, 12 men and five women bad melanoma and 12 women 
bad breast cancer (Tabic 1). Two other patients with melanoma 
were also entered but were found not to be eligible because, on 
review of radiological imaging, they showed a late response to 
biochemotherapy given prior to entering the study The median age 
of patients was 48 years, range 33-62 years. The majority of 
patients were fit with ten having a performance starus of 0 and 38 
having a performance status of 1. However, 18 patients had a 
performance starus of 2. Many of the patients had received 
multiple treatments before entering the study. 
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Table 1 Patient characteristics 



Number of patients 


<«5 


Ovary 


19 


Rart3l 


1$ 


Melanoma 


17 


Breast 


12 


Mate 


29 


Fern ate 


37 


A^e (yean;) 


48 


Madian 


Range 


(33-82) 


Performance status 




0 


10 


1 


38 


2 


18 


Previous treatment 




Chemotfierapy 


44 


Radiotherapy 


24 


Surgery 


22 


Hormone 


14 


Immunol emo therapy 


10 


Imfnunotherapy 


4 


None 


10 



Tumour response 

All 66 eligible patients entered into the study -were c valuable for 
response and toxicity (Table 2). Three: partial responses were 
seen in the 1 8 patients treated for renal carcinoma. One response 
lasted 5 months, the other two partial responses arc continuing 
ar 5 and 1 1 months of follow-up. The response continuing at 
1 ] months was dramatic and is illustrated in Figure 1 . This patient 
had progressed rapidly on biochemotberapy with neck 



Table 2 Responses to Thaikfonnlde 

No. Of patents Partial response Stable disease 

f> 3 months) 



Ovary 19 0 (0%) 1 (5%) 

Ranef 18 3(17%) 3(17%) 

Melanoma 17 0 (0%) 1 (6%) 

Breast 12 0(0%) 0(0%) 



Table 3 Concentration of angiogenic markers in serurn and urme before 
and during Tnafcdomidg therapy (p$ rrrf- 1 ) 



Serum 


Controls 


Pr^Thafklorrude 


On Thaitdorrude 




n = 2 




(4-6 week3af 
treatment) 


VEGF 


Mean Range 
51 27-74 


Mean Range 
568 114-1861 


Moan Range 
554 110-1050 


bFGF 


<10 <10 


t10 < 10-28 


< 10 < 10-20 


TttF-a 


<10 <10 


<10 «10~1S 


<10 ^10*20 


Urtrte 


Controls 




On ThaSdomide 




n = 2 


n = 3l 


(4-$ weeks of 
treatment) 
n^13 


VEGF 


Mean Range 
33 30-145 


Moan Rartge 
10$ 24-695 


Mean Range 
222 10-1000 


bFGF 


< 10 <10 


* 10 «10 


<10 <10 


TNF-a 


*10 <10 


< to *10 


<10 <10 
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lymphadenoparhy and symptomatic lung metastases and had 
severe malaise before starting Thalidomide. Within 24 h of 
starting Thalidomide his malaise had resolved and his perfor- 
mance status had improved to 0. Over die next 5 months his lung 
and lymph node metastases shrunk and a bronchoscope biopsy of 
the largest lung metastasis at 11 months showed necrotic rumour 
only- It was also noticeable in the group with renal carcinoma that 
13 patients experienced stabilization of their previously progres- 
sive disease: three of these patients had stable disease for 3 months 
or longer, whilst the other ten patients had stable disease for only 
1*3 months. 

Of the remaining 48 patients with melanoma, ovarian carci- 
noma or breast carcinoma none showed any objective tumour 
response to treatment with Thalidomide, However, three patients 
had a differential response and one patient with rapidly progres- 
sive skin deposits of melanoma on his leg experienced sympto- 
matic improvement and was able to walk more than 100 yards, 
having previously been chair-bound. 

Angiogenic markers 

A wide range of serum and urinary VEGF levels was found in 
patients and tn two controls (Table 3)- No clear relationship between 
the absolute level of VEGF and tumour response was found, nor 
were there any clear differences between different tumour types. 
However, a rising VEGF level was associated with progressive 
disease in six of 1 1 patients who had serial measurements. 

bFGF was only detected in the serum of 12 patients all of whom 
had early progressive disease. bFGF and free TNF-a were not 
detected in the urine of any patient. Free TNF-a was detected in 
the serum of one patient with melanoma, one patient with breast 
cancer and one patient with ovarian cancer. 

Toxicity and symptomatic side-effects 

Thalidomide 100 nig orally every night was generally very well 
tolerated with no WHO grade 3 or 4 toxicities (Table 4). The main 
toxicity was lethargy (38 patients grade 1 and eight patients grade 
2\ Grade 2 peripheral neuropathy was detected clinically in two 
patients who had been on treatment for 1 1 months. On imemjptmg 
Thalidomide, the neuropathy resolved and treatment recom- 
menced at 50 mg each night All patients had SNAP tests and no 
other patient developed sensory neuropathy, One patient devel- 
oped a WHO grade 2 headache shortly after starting Thalidomide 
and another developed WHO grade 2 peripheral oedema. Both 
side-effects resolved on stopping Thalidomide. Ten patients devel- 
oped WHO grade 1 constipation and two developed an itchy 
WHO grade 1 skin rash These side-effects responded to standard 
measures. 



Tabto 4 Symptomatic side-effects 





WHO gradm 1 

n (%) 


WHO grade 2 
n (%> 


Lethargy 


3$ 


56 


S 12 


Peripheral neuropathy 


0 




2 3 


Headacfte 


0 




1 2 


Oedema 


0 




1 2 


ConsUfWtfon 


10 


15 


0 


Skinrasn 


2 


3 


0 
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R^Uft 1 Chest X-ray series ilustratrng response to Thalidomide after rapid prooressian 00 Wochemotharapy. (A) Al end Qf bwcbemothefapy. (8) At start of 
TftafSdomido 5 weeks later, showing prt>$jres${ve disease. (C) After Z months of Thafidomfde $bowtng PR (D) Afler 4 month a of Tbafctomide showing farther Pft 



Of 15 patients who completed serial HAD and Rotteniam 
scores* 1 1 experienced an improvement in sleeping and 14 experi- 
enced a maintained or improved appetite. Both of these findings 
are statistically significant (P < 0,05) t although base4 oti a very 
small number of patients. 

DISCUSSION 

Despite employing s low dose of Thalidomide, we observed 
encouraging responses in patients with renal cell carcinoma. In 1 8 



patients treated for renal carcinoma, three showed partial 
responses to Thalidomide and 13 showed stable disease, three of 
thetn for more than 3 months- Two of the three responding patients 
bad progressed on previous biochemotherapy with tnterferon-a. 5- 
flnorouracil and EL-2. Late responses to immunotherapy are seen 
both in renal cell carcinoma and in melanoma. However, the 
partial responses in these two patients are unlikely to be due to a 
late response to biochemoriierapy for three reasons. First, patients 
were found to have rapidly progressive disease both during 
and ufter biochemotherapy with disease appearing in previously 
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unaffected sites. Secondly, the patients obtained significant palliative 
benefit within 24 h of starting Thalidomide and thirdly, objective 
tumour shrinkage started within 2 weeks of starting Thalidomide 

We also observed stable disease in 13 of the remaining 15 
patients with renal cell carcinoma. In three of these patients the 
stable disease was observed for more than 3 months- These find- 
ings may be important as the patients had aggressive and advanced 
disease. Four patients with melanoma had stable disease for 
periods of up to 5 months and one patient with melanoma experi- 
enced significant symptomatic relief from his melanomatotis leg 
deposits. However, no objective responses were observed in any of 
the other patients. Patients found repeated quality of life assess- 
ments irksome and this accounts for the poor uptake. The signifi- 
cant symptomatic benefits, including improved sleep and appetite, 
could be a result of self-selection by those completing the ques- 
tionnaires. However, tbe palliative benefits were credible and 
indeed possibly predictable in view of the known sedative and 
appetite-enhancing effeets of Thalidomide (Powell and Gardner- 
Mcdwin, 1994), 

Thalidomide could act either by inhibiting angiogencsis or by 
inhibiting factors secreted by me tumour. A humoural basis for the 
action of Thalidomide is suggested by me rapid onset of benefit in 
our responding patients. The most likely candidate target in renal 
cell carcinoma i$ TNF-a. This cytokine is known to be secreted by 
renal cell carcinomas (Mizutam et al, 1994), enhances neoangio- 
genesis (Fajardo et al, 1992), augments the stimulation of renal 
carcinoma cells by IL-o" (Koo et a], 1992) and contributes to many 
of the systemic symptoms of advanced malignancy (Yoneda et al, 
1991; Haslctt, 1998). The mhibition of TNF-a by Thalidomide 
may therefore be of particular interest in renal cell carcinoma. 

No dear effect of Thalidomide was observed in serial measure- 
ments of serum and urine TNF-a, VEGF and bFGF. Free TNF-a 
was only detected in the serum of three patients at the time mat 
their progressive disease was noted- Serum TNF-a levels may 
therefore be of limited value in the selection of patients for 
Thalidomide treatment or the monitoring of their response. In 
future studies we win monitor concentrations of TNF-a in fresh 
plasma samples which may be more reliable. The significance of 
systemic levels of TNF-a in renal cell carcinoma requires further 
investigation. It is possible that local concentrations in the tumour 
bed are of greater significance. We found a wide range of serum 
and urinary levels of VEGF both in patients and in two controls. In 
U patients who had serial concentrations measured, a rising 
VEGF level was found in all six patients with progressive disease. 
Similarly, bFGF was only delected in the serum of 12 patients, all 
of whom progressed early. 

Thalidomide 100 mg orally each night was well tolerated for at 
least 1 1 months even in patients who have previously been treated 
with neurotoxic chemotherapy. I wo patients who have received 
Thalidomide for 1 1 months and 5 months have developed grade 2 
peripheral neuroparhy which resolved on interrupting treatment 
Many patients noticed mild lethargy and constipation but none 
developed grade 3 or 4 toxicities. 

Our finding* suggest that Thalidomide may be useful in the 
management of advanced renal carcinoma and possibly of sympto- 
matic benefit in other solid malignancies. This warrants further 
studies, particularly at a higher dose in parients with renal carci- 
noma. A fuller appreciation of the effect of Thalidomide on TKF- 
a levels is needed because Thalidomide may be of particular 
benefit to patients who express high levels of TNF-cr. Such a 
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correlation would allow better selection of patients who may 
benefit from this and other ann-aagiogenic therapies. Finally, the 
use of Thalidomide in combination with other treatments should 
be investigated Highest response rates in renal cell carcinoma ate 
repotted with a combination of tnterferon-a, 5-fruorouracil and 
IL-2 (I^pez-Harunncn et al, 1996)- The considerable side-effects 
may be related to me finding that IL-2 induces high levels of TNF- 
a (Weidmann et al f 1992). The increased levels of TNF-a arc 
unlikely to contribute to the beneficial effects of this treatment, 
since previous experience with TNF-a in renal carcinoma has 
shown severe side-effects with a poor response rate (reviewed by 
Boshoff and Jones, 1996). Moreover, these high levels of TNF-a 
may also stimulate growth of renal carcinoma cells (Lopcz- 
Hanninen et al, 1996). mterestmg^y, two of the three patients who 
had partial responses to Thalidomide had progressed rapidly on 
biochemoth crapy for their advanced renal carcinoma- It is 
tempting to speculate that these patients 1 tumours were responsive 
to stimulation with TNF-a and therefore grew rapidly on 
biochemotherapy and responded to inhibition of TNF-a by 
Thalidomide. There may be a rationale for combining 
Thalidomide with bic<hemomcrapy, as a possible way both of 
reducing side-effects and increasing the efficacy of treatment for 
renal cell carcinoma. 

ACKNOWLEDGEMENTS 

The authors would like to thank Jackie Reeves and Graham 
Simmons for carrying out the ELISA for bFGF, VEGF and TNF- 
tt, Liz Miller and Fiona Ramage for data collection and Chris 
Bunker for useful discussions. 

REFERENCES 

Asscher W (1994) Safety af Thalidomide. Br Med : /30fc 193-194 (letter) 
Bartegay El ( 1995) Angfogeneshc: mechanistic iwtigfera, nwvwcutor diseases, and 

iherapcuric pnHpects. J Ucl MtJ 73' 333-34* 
BosbofTC and Jones AL (1996) TunxxirTtetrosu facror. In; Immunotherapy in 

Cower, Gore ME rad Riches P (cda)„ pp- TM03. John Wiley: London 
Burrows FJ and Thorpe PE (1 994) Vascultr targeting - a new approach va the 

therapy of softd tumoral. Pharmacol Ther 64; 155-174 
Bvssatin© F, AJbmi A, Cantusii G, Prcsta VigUcttD G, Zkht M and Persic© G 

(1 996) Role of whibte mediators ia ragic»fi«cais. Eur J Cancer (Special issue: 
basic and clinical research on *^giogea«is) 32 A: 2401-3412 

Otme LM, Xu ZF, Cummer BH> Pnlrner BD. Soteph WR and Stanley fiC (1995) 
Effect of Thalidomide <m ruuu*jrnecro*te decor production and unti-tumour 
activity induced by 5.S-dm>eti»ybuuniicoQe-4-^c<tic acid, Br J Cancer 72; 
3S9-W3 

Crawford Ct (1 994) Use of 7W*lomtdc in kpr&ay Advene Drug Read Toxical 

**vi3: 177-197 

D'AmatQ ftj, Loughutm MS, Ffyiia £ aod Futluttaa J (1994) Thalidomide is an 
rahibitOTof'angtogctKsris, Prvc AW Acad Sri USA SH: 4082-4085 

Ewenbud L, HoTOwitt I and Kay B (1987) Recurrent aphthous stomatitis of the 
Behcet** type: successful btaaneni with TTiAlidomadc. Oral Surg Oral Med 

Ertrurd H, JUetvetd F-f, vtn AJtcca MC, Brocket EB, Rvito- DJ andde Waal RM 

(1997) l>in3jCio© cfhcmawtsl ro vertical grovnh pha*c melAnomc ts 
accompanied by indnctkm of viscuiM endothelial growth factcr cxpTesao» aod 
liigtogrnois, Meianoma Res Suppl 2: S19-26 

Kajardo LF, Kwm HH, Kowulsfc J, Pnomu SD and Aliitoa AC ( 1 992) Dtrti rote of 
aunor necrosiv (Vro<«-aIpftfl in afngu^geocsis. Am J Paihol 140; $39-544 

FoQauin J (L9Wcr) Angiogm«ii in caoccr, vajcuki; rhcurmioid aod otfecr diicue. 
NafM&l: 27-31 

FolXmin } (19956) ClmicaJ appHcaaoos <>f research era wigiogcneas, & En0 J Med 

333; 1757-1763 

Mfencw PM mi Krrmer M { 1 96 1) Neurcpattry after intala of Thalkbmidc 
(DiKavBl), 0r Mcd Jl: 853-85S 



© 2000 Cancer Research Campaign 



INSTANT INFORMATION SYS, 



SlOlO/010 



Continuous tow dose Thalidomide In advanced cancer B1 7 



Gasparini C <l99tf) epical significance of the detwrpniadoo of »gk>geoe*i$ in 
Human breast cancer update of the biolo^cal backgrouod «nd overview of the 
Vjcenza sratf«. £w ./ Owe** 32A: 2485-2493 

Hamada 4, tMiaaagh PG, Lotbh 0 and Nicobcw GL (1992) Separable growth red 
migration factors for large cell lymphoma celt* secreted by microvascular 
epdoihclHu" cell* dcriv^J from rargct Cubans for metasiasis. Br J Cancer 6*; 

Hasten PA <l 998) An&cytokinc appr^^ches to the treatment of anoicxia and 
c*chcxiz. Sanin Oncol 25; 53-57 

Jn$m D. FUjTTO T, Kishiraoto S ( $ado K« Kanamura T, Bnrm H and Fotkman I 

( J 990) Synthetic analogues o*' fumagiBin thai inhibit wistogciicsis end suppress 
nnoour growth, Natum Mi: 555-557 

j^obsoD JR QrecnspEm JS, Sprxda J, iCener N. Fnhey JL, Jackson IB, Fox L, 
ChccnoffM* Wu AW. MwPttail LA, v«qoer GT Hid Wohl DA (1997) 
Thalidomide for th* irtanaect of oral aphthous ulcers to paiienrj with lumvm 
"utinnraockficiciicy virus infection, > 7 AteJ 33^ 1 4&7-1493 

Kw AS, Armstrong C, Bochoer 0, Shiinabukwro T T Tso CU de Kj&raion SB and 
BeJld*ftrum A ( 1992) lmcricukm-6 ^d renal cell cancer: production, 
repilatiod and growth pPfecis. Catccr Immunol Irnmimcthtn- 35: 97-105 

Lem W (1962) Thalidomide and congenital flbwrntalirics, Lpntet 1: 45 (letter) 

Lopoi-Haimmen £, Klxchncr H w>d Aopocien J { 1 996) Inxcrleuicin-2 based home 
tiiftrapy of metastatic renal cell carciaoms: risks *nd btacfits in 215 
consecutive smfcle initiurricn patient*- J tfn>! 155: 19-25 

McBride WO (1961) Thalittenidc and connnutal abaounftlities- Lantti 2; 1355 Qettzr) 

MiJlai AS, Hoogtfraten B and Sta^uct M (19itl) Reporting results of cancer 
nwtment Cmcer 47: 207-214 

Mizntani Y, fcooavid* B, Nio Y and Yoshtda O (1 99*) Overcoming TNf-alpha and 
drug resistance ofhtuaan renal cell carcinoma cells by treatment with 
pottrotifyllinc in combination with TNF-adpHt cf drugs: the role of TNF-dpb* 
downregubxion in uiroor cell sensiuzarioiL / Urol 151: 1697-1702 

pxrniao T, Wiley MJ and WcUj PG (1999) Frt* radical-mediated oxidative UNA 
damage in the roecbtaasm of Thalidomide tentfogetucrty. NtttMedS'- 582-585 



Powell RJ and Oardner-Medwra JM (1994.) Guideline for the cfinieal use and 

di?pcDsang of Taaiidoniidc- ?o*i%rad MedJI*' 901-904 
Sctefieitaei YS, Abrtflwvttcb %, Mctr G, Ntvo N. Hotertger M, Itin A, Ksshet E 

and Nccman M (1997) Ua* of ovarian function promotes angk>$«>cfU in 

human ovtnm caronoraa. Prcxr Natl Acad So 94: 1320S-13208 
TaJfaot DC and Brown PD (1996) Experiroeral and clinical siudics on the use of 

matrix mctaHoprotainasc inhibitors fix the treatment of carx^r. £ur^ Owtssr 

32A; Z52S-2533 
Tramontana JM, Utainac U* Molloy A, Alcorwrtfi Burrovgh* KC 

Maifonlcawteyoxm S, Johnson B T KJauraer JD, ^am W and Kaplam G (1 995) 

Tluhtfomidc trtatmcnt m: duces tumovr necrogts nipHa production and eobances 

wctghr gain m paacnn with pulmonary tubtrculocis. hiothfed 1: 354-397 
Voeit ce, Kenyoo BM, 0"ftcaiy MS, T™tti G, D'Anuuo RJ and Foftman J (1995) 

Inhibition of angmeenesi* w vivo by intftrleukin 12. J Had Qmcer Inst 87: 

SS1-5S6 

Vogelsang 035, Farmer ER, Hespt AD, Altomrmia V T Beschomcr WE, Jabs DA, Corio 
RL, Lcvm LS, Cotvin OM and WnigaM m (1 992) Thalidomide for Ac 
treatment of chronic gr^vet5tis-hostdi5e^.^£>)^//JlfcJ326: 1055-1058 

Weidmann E. Bergman L, Stock J, Kimeo R and Mitrou PS (1992) Rapid cytokine 
release ift cancer ptticnfc Mated ^i\h iDt»l*u]cin-l JImmvnaiher 12: 123-1 SI 

Wcidner N (1995) IatiatuinoT nncn»v*isel density as a prognostic factor in cancer 
Am J Pathol W\ 9™l? 

Weidner N, Scrapie JP, Welch WR and Folfcrtwn J (1 99 1) Tumor angtogencaifl and 
metastasis - correlation m invisivc breast ctmcer. NEtt$lJMed 324: l -6 

Wcttstein AR and Weaehcr AP (1997) Thalidomide in Crohn's disease. Umm 350: 
1445,144$ (fetter) 

Ypneda X Alans MA, Oravm: JB 7 BanewaW U t^shimura R and Mtmdy Gil (1991) 
Evklenc* that tumour necrosis factor plays a patfcofcitnatic role in the 
paraneoplastic $yndrt*n*s of cacliexia, Sypercalcaocnia, and leukocytosis in a 
fcuman tumour in nude mice. J Clin Invm 57: 977-985 

Ziegler J (1 996) A ngi agenesis rcaearch enjoys growih spnrt m the 1 990s. J.Vot/ 



© 2000 Cancer Research Campaign 



British Journal of Cancer (2000) 82(4), 812-817 



Exhibit C 



4017 

Leukemia & Lymphoma, March 2006; 47(3): 433-440 Taylor & Francis 

Tayior & Franctj Croup 



ORIGINAL ARTICLE: CLINICAL 



Phase II study of topotecan and thalidomide in patients 
with high-risk myelodysplastic syndromes 



AZRA RAZA, LAURIE LISAK, JENNIFER BILLMEIER, HASSAN PERVAIZ, 
MUHAMMAD MUMTAZ, SAMREEN GOHAR, KHALID WAHID, & NAOMI GALIli 

The Radhey Khanna Center for MDS Research, University of Massachusetts Medical Center, Worcester, MA, USA 
Abstract 

This phase II trial investigated the safety and preliminary efficacy of a topotecan/thalidomide combination therapy in patients 
with myelodysplastic syndrome who had refractory anemia with excess blasts (RAEB), RAEB with transformation, or chronic 
myelomonocytic anemia. Patients received three 21-day cycles of topotecan 1.25 mg/m 2 on days 1-5, which was repeated 
for two additional cycles in patients whose bone marrow blast percentages did not decrease. Oral thalidomide was then 
started at 100 mg/day (with the dose escalated up to 300 mg/day if well tolerated) for up to 1 year. Patients were monitored 
throughout the trial for hematologic and clinical adverse events, and efficacy was assessed using International Working 
Group (IWG) criteria. Forty-five patients, mosdy elderly (median age 68 years; range 52-79 years), were enrolled. Therapy 
was generally well tolerated compared to high-dose chemotherapy. Three patients died from disease progression/infections 
during topotecan therapy, and four patients discontinued topotecan because of high-grade neutropenia (two patients), 
syncope (one patient), or hip surgery (one patient). Of 24 patients who received thalidomide, three discontinued because of 
treatment-related toxicity. Thirty-eight patients were evaluable for response: nine (24%) had hematologic improvement and 
13 (34%) had stable disease. Responses occurred in patients with all disease subtypes. Six patients achieved transfusion 
independence, and one patient had a trilineage response. Approximately one-third of the patients had decreases in bone 
marrow blasts of > 50%. Therefore, a topotecan and thalidomide combination therapy is promising, although further studies 
are needed to determine the optimum doses and schedule. 

Keywords: Induction therapy, myelodysplastic syndrome, phase II trial, thalidomide, topotecan 



Introduction 

Myelodysplastic syndrome (MDS) is a heteroge- 
neous genre of disorders resulting from the 
monoclonal expansion of hematopoietic stem cells, 
and the incidence of MDS is expected to increase 
with the ageing population in the USA and Europe 
[1]. The clinical implications of MDS range from 
mild cytopenias to highly aggressive acute myeloid 
leukemia (AML). Patients with >5% blasts in their 
bone marrow have a relatively high risk of death 
from complications associated with transformation 
to acute leukemia, and > 20% blasts in the bone 
marrow is now considered sufficient for a diagnosis 
of AML [2]. More than 30% of patients diagnosed 
with MDS fall into the high-risk category [3]. Even 



with state-of-the-art care, high-risk MDS is asso- 
ciated with a relatively poor prognosis. 

High-dose chemotherapy regimens for MDS are 
limited by tolerability, and stem cell transplant 
regimens are limited by the availability of matched 
donors and by the tolerability of these regimens in 
elderly patients. Therefore, two-step therapy regi- 
mens that combine induction therapy with a 
cytotoxic agent, such as an anthracycline (e.g. doxo- 
rubicin or epirubicin) with cytosine arabinoside 
(cytarabine; ara-C), are commonly used to treat 
patients with higher-grade MDS or AML [4]. This 
approach has been relatively successful compared to 
single-agent therapies. However, approximately one- 
half of high-risk MDS patients treated with combina- 
tion regimens do not respond to therapy, and median 
overall survival is in the range 3-19 months [5]. 
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Attempts to increase treatment efficacy by dose 
escalation have resulted in severe toxicity. Further- 
more, the cumulative effects of ara-C can result in 
prolonged aplasia [6]. Therefore, treatment of 
patients with high-risk MDS represents an unmet 
medical need. 

Topotecan (Hycamtin K , GlaxoSmithKline, Phila- 
delphia, PA, USA) is currently approved for the 
second-line therapy of ovarian cancer and small cell 
lung cancer. Topotecan has also demonstrated intri- 
guing clinical activity in patients with hematologic 
malignancies [7]. Topotecan binds to DNA topoi- 
somerase I, resulting in DNA breaks and apoptosis, 
and this mechanism of action is different from that of 
other agents used in this setting, making it an 
attractive therapeutic option because of the decreased 
likelihood of tumor cross-resistance [8]. This agent 
has been successfully used as single-agent therapy and 
in combination regimens in the MDS and AMI 
settings [9™ 15]. A high-dose regimen of topotecan in 
combination with ara-C was found to be particularly 
effective and well tolerated in patients with refractory 
anemia with excess blasts (RAEB) [16]. Topotecan 
has a manageable hematologic toxicity profile, char- 
acterized by noncumulative and reversible neutro- 
penia, as well as a favourable nonhematologic toxicity 
profile. The safety profile of topotecan compares 
favourably with that of other DNA-targeting agents 
used for MDS. Moreover, the noncumulative and 
reversible nature of its hematologic toxicity makes 
topotecan well suited for induction therapy, allowing 
recovery of normal precursor cells before subsequent 
treatment is initiated. 

Thalidomide has demonstrated antileukemic ac- 
tivities in patients with MDS or AML, including 
effects on cell differentiation and survival and 
significant reductions in microvessel density in the 
bone marrow [17-19], which may be an important 
mechanism to prevent disease progression [19]. This 
agent has generally low toxicity compared to other 
antileukemic therapies and produces high response 
rates in some patient subsets [18,19]. Moreover, 
thalidomide can be administered orally and is safe for 
long-term use [18]. These characteristics make it well 
suited for use as a maintenance therapy in patients 
with high-risk MDS. 

Based on the relative success of combination 
chemotherapy in patients with high-risk MDS and 
the demonstrated clinical activity of topotecan and 
thalidomide in this setting, there is a solid rationale 
for investigating topotecan/thalidomide combination 
therapy. Combining these two agents, which have 
different mechanisms of action, may produce activity 
similar to HDC but with lower toxicity. Additionally, 
the use of thalidomide may allow long-term main- 
tenance therapy, which may be necessary to overcome 



the poor prognosis of high-risk MDS [5]. Therefore, 
the present study investigated the tolerability and 
activity of topotecan induction therapy followed by 
long-term treatment with oral thalidomide in patients 
with high-risk MDS. 

Patients and methods 

Eligibility 

Adult patients (>21 years of age) with newly 
diagnosed or previously treated RAEB, RAEB with 
transformation (RAEB-T), or chronic myelomono- 
cytic leukemia (CMML) were eligible for the study. 
Eligible patients had an Eastern Cooperative Oncol- 
ogy Group performance status of ^ 2, adequate renal 
function (blood urea nitrogen <21 mg/dl; serum 
creatinine < 1.3 mg/dl) and liver function [alanine 
aminotransferase (ALT) and aspartate aminotrans- 
ferase (AST) levels ^3 x upper limit of normal 
(ULN)], and a life expectancy >6 months. Patients 
were excluded from the trial if they had a history of 
hypertension that required medication, if they had a 
history of neuropathy, or if they were pregnant or 
nursing or had active infections that were not 
effectively controlled with antimicrobial or antiviral 
therapy. All patients receiving thalidomide were 
required to practice birth control. The Institutional 
Review Boards approved the study, and all patients 
provided their written informed consent. 

Study design and treatment 

This was an open-label, single-arm pilot study. 
Patients received topotecan 1.25 mg/m 2 by 30-min 
intravenous infusion on days 1 - 5 of a 21 -day cycle 
for three cycles (Figure 1). At the end of this 
treatment, patients with >50% decrease in bone 
marrow blasts or with blasts <5% commenced 
therapy with thalidomide. Patients with < 50% 
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Figure 1 . Schematic of trial design. Patients were treated with three 
21-day cycles of topotecan 1.25 mg/m 2 (T) on days 1 -5. A bone 
marrow biopsy was then performed. Patients with <5% blasts or 
with ^ 50% decreases in blasts immediately began therapy with 
daily oral thalidomide. Patients with >5% blasts received two 
more cycles of T before commencing thalidomide. 
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decrease in bone marrow blasts received an additional 
two cycles of topotecan before commencing thalido- 
mide. All thalidomide was dispensed according to the 
guidelines of the System for Thalidomide Education 
and Prescribing Safety program guidelines [20,21]. 
Thalidomide was initiated at 100 mg/day orally at 
bedtime. The dosage was increased as tolerated up to 
a maximum of 300 mg/day. During treatment with 
thalidomide, patients received oral supplements 
including 100 mg/day vitamin B 6 and standard senna 
concentrate (Senokot H , Purdue Pharmaceuticals, 
Georgetown, NC, USA) bulk laxative tablets. Tha- 
lidomide was continued for up to 1 year when well 
tolerated or until disease progression occurred. 

Dose adjustments and treatment modifications 

In patients with moderate renal impairment (creati- 
nine clearance 20 - 39 ml/min), topotecan dosage was 
reduced to 0.75 mg/m 2 based on the topotecan dose 
adjustments recommended by Armstrong et al. [22]. 
No dose adjustments were planned on the basis of 
hepatic function or age. In all patients, the dose of 
topotecan was reduced by 0.25 mg/m 2 for subsequent 
courses for patients who experienced severe neutro- 
penia. During thalidomide treatment, thalidomide 
dose reductions of 25% were implemented for grade 2 
somnolence. The dose was reduced by a further 25% 
if symptoms did not improve within 48 h. Patients 
whose somnolence did not improve after the second 
dose reduction were taken off study. 

Patients were taken off study for any drug-related 
National Cancer Institute Common Toxicity Criteria 
(NCI-CTC) grade 4 toxicities, any toxicity still 
unacceptable to the patient despite dose reductions, 
ALT or AST level > 2 x ULN, or serum creatinine 
> 2 x ULN. Patients were also taken off study if they 
experienced rapid disease progression or an increase 
in blast count > 30% in either the peripheral blood or 
bone marrow aspirate. Patients could also refuse 
therapy at any time. 

Patient assessments 

All patients who received any study medication were 
evaluable for safety. Adverse events were monitored 
continuously during treatment and were graded 
according to NCI-CTC. Complete blood counts 
(CBC) were monitored at baseline and weekly 
throughout treatment. During treatment with topo- 
tecan, a Cheml8 panel was performed before each 
cycle. The safety and tolerability of the doublet were 
evaluated by changes in hematologic (i.e. CBC) and 
other clinical laboratory assessments (i.e. Cheml8 
panel and other serum biochemical analyses per- 
formed at the discretion of the investigator), by 



physical examination, and by the frequency and 
severity of adverse events. Serious adverse events 
included all events of NCI-CTC grade ^ 3 (non- 
hematologic) or grade >4 hematologic toxicities. 

Patients who completed three or more cycles of 
topotecan were evaluable for response. Bone marrow 
and peripheral blood evaluations were performed at 
baseline, after three cycles of topotecan (9 weeks) 
and at 6 months (bone marrow biopsy at 6 months 
was optional). Bone marrow biopsy samples were 
assessed for cell morphology, apoptotic index, 
cytokine levels, and proliferation using established 
techniques [23,24]. Response was evaluated using a 
modification of the IWG criteria. Complete response 
was defined as restoration of normal hematopoiesis 
and normal peripheral blood counts. Hematologic 
improvement (HI) was based on erythrocyte im- 
provement only and was defined as the development 
of transfusion-independence in patients who had 
transfusion-dependent anemia at baseline. Partial 
response (PR) was defined as any sustained (>4 
weeks, instead of the 2 months required for IWG 
criteria) benefit in any of the following: ^50% 
decrease in required number of monthly packed red 
blood cell transfusions; hemoglobin increase by 
^1.0 g/dl; ^30 000//ri increase in platelet count in 
patients with baseline measurements 5? 100 000//iL; 
increase in granulocyte count of ^500 cells//d 
in patients with baseline leukocyte counts <3500 
cells//zl; >50% decrease in bone marrow blasts; 
disappearance of dysplastic features and restoration 
of normal morphology in one or more cell line in 
biopsy samples; disappearance of one or more 
cytogenetic abnormality. 

Statistical analysis 

Summary and descriptive statistics were used to 
evaluate demographic and baseline disease charac- 
teristics, adverse events, and response data. Disease 
characteristics were classified using the French- 
American - British leukemia classification system for 
AIDS [25]. Power calculations were based on the 
two-sided 2-test of the response rate. P < 0.05 was 
considered statisticaUy significant. 

Results 

Patients 

Patient demographics and baseline disease character- 
istics are shown in Table I. Forty-five patients were 
enrolled; the median age was 68 years (range 52 - 79 
years). Twenty-seven (60%) patients had RAEB, 12 
(27%) patients had RAEB-T, and six (13%) patients 
had CMML. Karyotype abnormalities were reported 
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Table I. Patient demographics and baseline disease characteristics. 



Parameter 



Median age } years (range) 


oo (52-79) 


oex, n {/o) 




Male 


30 (67) 


Female 


15 (33) 


Disease characteristics, n (%)* 




RAKB 


27 (60) 


"D A T-JTJ T" 

KncD- 1 


12 (27) 


CMML 


6 (13) 


Karyotype, n (%) 




Normal 


19 (42) 


^ 3 abnormalities 


12 (27) 


Single abnormalities 


10 (22) 


5q deletion 


3 (7) 


20q deletion 


3 (7) 


Trisomy 8 


2 (4) 


Abnormality - 7 


2 (4) 


Others* 


4 (9) 


Nature of MDS 3 n (%) 




Primary 


42 (93) 


Secondary 


3 (7) 



^Includes one patient each with: two abnormalities, abnormality 
21, deletion 7, and inversion 10. 

RAEB, Refractory anemia with excess blasts (>5%) in bone 
marrow; RAEB-T, RAEB with transformation; CMML, chronic 
myelomonocytic leukemia; MDS, Myelodysplastic syndrome. 



in 26 (58%) patients, including 12 (27%) patients 
who had three or more chromosomal abnormalities. 
The majority of patients (93%) had primary myelo- 
dysplasia. 

A total of 1 39 courses of topotecan were adminis- 
tered, and seven patients went off study before 
completing three cycles of therapy. Patients received 
a median of three cycles of topotecan, and less than 
25% of the patients received five or more cycles of 
topotecan. Three patients died before completing 
topotecan therapy, and these deaths were attributed to 
complications of disease progression. One patient 
went off study to recover from hip replacement 
surgery. The other three patients discontinued therapy 
because of grade 3 or 4 toxicities including neutrope- 
nia (two patients) and syncope (one patient). The 
remaining 38 patients were evaluable for response. 

Twenty-four patients began treatment with thali- 
domide, and 21 completed therapy per protocol. Of 
the 24 patients who were treated with thalidomide, 
three patients discontinued because of thalidomide- 
related toxicities. 

Safety and tolerability 

Treatment with topotecan and thalidomide was 
generally well tolerated (Table II). Although most 
patients experienced adverse events, most nonhema- 
tologic toxicities were mild to moderate in severity, 



Table II. Adverse events reported in ^ 8% patients (n — 45). 



Patients, n (%) 

Toxicity All grades Grade 3 or 4 



Hematologic 



Neutropenia 


29 (64) 


22 (49) 


Thrombocytopenia 


23 (51) 


14 (31) 


Neutropenic fever 


4 (9) 


3 (7) 


Nonhem atol ogic 






Pain 


4 (9) 


2 (4) 


Fatigue 


7 (16) 


0 


Constipation 


6 (13) 


0 


Sweating 


5 (11) 


0 


Rash 


4 (9) 


0 


Weakness 


4 (9) 


0 



and pain was the only grade 3 or 4 nonhematologic 
toxicity reported. Grade 3 or 4 neutropenia and 
thrombocytopenia were reported in 22 (49%) and 14 
(31%) patients, respectively. The most frequent 
nonhematologic toxicity was fatigue in seven (16%) 
patients, and the only grade 3 or 4 adverse events 
were neutropenic fever in three (17%) patients and 
pain in two (4%) patients. Grade 1 neuropathy also 
occurred in three (7%) patients. Three patients died 
while receiving topotecan (one from pneumonia and 
two from sepsis), and these events were attributed to 
complications of disease progression, not to the study 
medication. 

Antitumor response 

Thirty-eight patients completed topotecan therapy 
per protocol and were evaluable for response 
(Table III). Nine (24%) patients had a PR and 
showed HI. An additional 13 (34%) patients had stable 
disease, and 16 (42%) patients experienced disease 
progression. On an intent-to-treat basis (n — 45), the 
overall response rate was 20%, 29% of patients had 
stable disease, 36% of patients had disease progres- 
sion, and 16% of patients were not evaluable. 

The disease and response characteristics in the 
patients who had HI are summarized in Table IV. Of 
the 27 patients with RAEB, five (19%) patients had 
bone marrow responses, and three of these patients 
also had erythroid responses. Of the 12 patients with 
RAEB-T, three (25%) patients had bone marrow 
responses and two (17%) had erythroid responses. 
One of these patients had a trilineage response (in 
erythrocytes, neutrophils, and platelets). Of the six 
patients with CMML, one (17%) patient had an 
erythroid response. Overall, six (16%) of the 38 
evaluable patients who initially had refractory ane- 
mias became transfusion independent. 

The hematologic profiles for the patient who had 
a trilineage response are shown in Figure 2 [26]. 
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This patient became platelet-transfusion indepen- 
dent within the first month of therapy and red blood 
cell-transfusion independent within 3 months after 
starting therapy. Moreover, although this patient 
had severe neutropenia at study entry, neutrophil 
levels recovered after 3 months of therapy, and 
severe neutropenia did not recur for approximately 
1 year. 

Discussion 

Myelodysplastic syndromes encompass a diverse 
cluster of medical conditions whose treatment 
remains challenging. Patients enrolled in the present 



Table III. Activity of topotecan/thalidomide therapy. 

Evaluabie patients. 



Response n (%) (« 38) 



Response 9 (24) 

Complete response 0 

Partial response (hematologic 9 (24) 
improvement) 

Stable disease 1 3 (34) 

Disease progression 16 (42) 



study had MDS with excess blasts or CMML, and 
topotecan/thalidomide combination therapy pro- 
duced responses in patients with each of the 
subtypes. Moreover, many of the common cytoge- 
netic abnormalities associated with high-risk MDS 
were represented in the patients in the present study. 
For example, more than half of the patients had 
abnormal karyotypes, and abnormalities involving 
single chromosomes were detected in two (4%) 
patients with single deletions or abnormalities in 
chromosome 7, three (7%) patients with deletions in 
chromosome 5, and three (7%) patients with dele- 
tions in chromosome 20, An additional two (4%) 
patients had trisomy of chromosome 8. In compar- 
ison, in the general population of MDS patients, 
13% have loss of all or part of chromosome 5, 5% 
have loss of all or part of chromosome 7, 5% have 
trisomy 8, and ^2% have deletions in 17p or 20q or 
loss of X or Y [2,3]. Therefore, the trial population 
captured a broad range of MDS phenotypes and 
cytogenetic abnormalities. 

Current therapeutic strategies employ the use 
of growth factors, blood-product support, cyto- 
toxic chemotherapy, and combined differentiation 
therapies [27]. Response rates to anticancer therapies 
are generally poor for patients with high-risk MDS. 



Table IV. Individual patient response data by disease classification. 



Response 



Decrease in 
cytogenetic 



Disease classification 


Cytogenetics 


Overall 


Hematologic 


BM blasts 


abnormality 


RAEB 


46 3 XX[20] 


PR 


HIE 


18% to 8% 






46,XY,det(5)(ql3q31)[20] 


PR 


HIE 


12% to 2% 
Regression to RA 






47,XX, + 8[19]/46,XX[1] 


PR 




9% to 2% 
Regression to RA 


> 50% decrease 




46,XX,del (5)(ql3q33)[16}/46,XX[4] 


PR 


HIE 


6% to 3% 
Regression to RA 


in del 5q 




46,XX[16] 


PR 




17% to 2% 
Regression to RA 




RAEB-T 


46,XY[20] 


PR 


HIE 


Regression to 
RAEB 






47,XY, + 8,del(20)t(20;2I) 


PR 


HIN 


Regression to 






(p. 10;ql0),del(21) 






RARS 






t(20;21)(?ql33;pllJ)[2]/ 












48,idem, 4- Y,del(7)(ql 1.2q34)[I8] 












46 J XY,del(20)(qll.2qi3.3)[3]/ 


PR 


HIE 


15% to 3% 






47,idem,4 10[17] 




HIN 
HI-P 


Regression to RA 




CMML 


46,XY,det(7)(qiI.2)[20] 


PR 


HIE 







Erythroid response is 100% decrease in transfus ion- in dependent hemoglobin and hemoglobin increase to > 1 g/di; neutrophil and platelet 
responses are > 1 00% increases in cell counts. BM, Bone marrow; RAEB, refractory anemia with excess blasts ( > 5%) in bone marrow; PR, 
partial response; HIE, hematologic improvement-erythroid; RA, refractory anemia; RAEB-T, RAEB with transformation; HIN, hematologic 
improvemem-neutrophils; RARS, RA with ringed sideroblasts; HI-P, hematologic improvement-platelets; CMML, chronic myelomonocytic 
leukemia. 
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Figure 2. Time course of hematologic parameters in a patient with a good response to therapy. (A) Hemoglobin levels and packed red blood 
cell transfusion requirements. (B) Absolute neutrophil counts. (C) Platelet counts and platelet transfusion requirements. In all panels, the 
first day of topotecan therapy is represented as day 0 and indicated with an arrow. Adapted with permission [26]. 



Alternate treatment options are clearly needed in this 
setting. Induction and maintenance combination 
treatment regimens have shown promise, but are of 
limited efficacy and have not provided any major 
advances in survival for patients with high-risk MDS. 
The possible combinations of agents are limited by 
overlapping toxicities, and increases in dose intensity 
or treatment duration can result in considerable 



toxicity [6]. Topotecan has shown promise in early 
trials in hematologic malignancies [7,8,12-15]. 
Moreover, topotecan has been successfully used as 
induction therapy before therapy with carboplatin 
and etoposide or oral etoposide in patients with small 
cell lung cancer [28,29], an especially aggressive 
solid tumor. In that setting, the noncumulative and 
reversible hematologic toxicity profile of topotecan 
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allowed hematologic recovery before the initiation of 
the subsequent therapy. Thalidomide is an attractive 
agent for use as maintenance therapy following 
topotecan induction therapy. Although thalidomide 
has only modest single-agent activity in general [18], 
it has produced high response rates in some patient 
subsets [19]. Furthermore, thalidomide has multi- 
faceted antileukemic effects, is safe for long-term 
therapy in this setting, and can be administered 
orally [18]. 

Consistent with observations from trials in other 
primary malignancies [8], topotecan therapy was well 
tolerated in the current trial. Although topotecan was 
associated with neutropenia in patients with solid 
tumors, neutropenia was generally manageable and 
reversible. Although two patients discontinued be- 
cause of high-grade neutropenia and there were three 
deaths from infections (one from pneumonia and two 
from sepsis) related to disease progression, the extent 
to which the hematologic toxicity of topotecan 
contributed to these deaths is not clear because 
many patients with high-risk MDS are immunocom- 
promised. Topotecan dose reduction to 1.0 mg/m 2 , 
which is the approved dose level in the relapsed 
ovarian cancer and relapsed small cell lung cancer 
settings, may improve hematologic tolerability in 
future clinical trials in the high-risk MDS setting. 
However, even at a topotecan dose of 1.25 mg/m 2 , 
nonhematologic toxicity was generally mild, and the 
only grade 3 or 4 events were pain in two (4%) 
patients and neutropenic fever in three (7%) patients. 
This nonhematologic toxicity profile is consistent 
with that observed in clinical trials of topotecan in 
solid tumors and was generally manageable, even in 
heavily pretreated patients. 

In the current study, patients who failed to achieve 
< 5% blasts in their bone marrow after topotecan 
induction therapy went off study and did not receive 
subsequent treatment with thalidomide. Conse- 
quently, 24 of the original 45 patients received 
thalidomide, and hematologic parameters in these 
patients were generally more favourable than in the 
overall trial population. Thalidomide was generally 
well tolerated in these patients; three patients 
discontinued therapy because of associated toxicities. 
Adverse events during thalidomide therapy included 
low-grade fatigue, constipation, rash, and mild 
(grade 1) neuropathy. The incidence of these events 
in the present trial compared favourably with those 
reported during thalidomide monotherapy in patients 
with AML, possibly because of differences in patient 
populations [18]. 

This regimen of topotecan induction therapy 
combined with oral daily thalidomide maintenance 
therapy had intriguing activity and safety compared 
to other regimens in the high-risk MDS setting. 



Although the overall response rate in the 38 evaluable 
patients was only 24%, an additional 34% of 
evaluable patients achieved stable disease during 
therapy. Approximately one-third of the evaluable 
patients achieved ^50% decreases in their bone 
marrow blasts, and six (16%) patients with refractory 
anemias achieved transfusion independence. Nota- 
bly, six of nine patients who had hematologic 
improvement had relatively favourable baseline 
cytogenetics . The overall response rate for this 
regimen is similar to that reported by the Cancer 
and Leukemia Group B for azacitidine in a recent 
randomized controlled trial in patients with MDS 
[30]. However, the Cancer and Leukemia Group B 
study also enrolled patients with lower-risk MDS 
(only 66% were of the high-risk groups included in 
the current study); approximately one half of the 
patients experienced modified grade 3 or 4 (based on 
decrease from baseline values) leukopenia, granulo- 
cytopenia, and thrombocytopenia, 20% of patients 
had treatment-related infections, and there was one 
treatment-related death. Despite predisposing fac- 
tors, such as the relatively high mean age of the 
current trial population, very few patients in the 
current trial experienced any high-grade nonhema- 
tologic toxicities. 

This present study demonstrated that a regimen 
combining three 2 1 -day cycles of topotecan 
1.25 mg/m 2 by 30-min infusion on days 1-5, 
followed by 100-300 mg oral daily thalidomide, 
was generally well tolerated in patients with high- 
risk MDS. Topotecan/thalidomide therapy demon- 
strated promising activity in this high-risk MDS trial 
population, which included a variety of leukemia 
subclasses and cytogenetic characteristics. How- 
ever, further studies are needed to determine the 
optimal dose and schedule of topotecan and 
thalidomide in patients with long-standing refrac- 
tory anemias or MDS. 
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Phase II study of carboplatin, irinotecan, and 
thalidomide combination in patients with 
extensive stage smalt-cell lung cancer 
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Recently reported phase II and III trials have explored 
irinotecan in combination with cisplatln or carboplatin in 
extensive-stage SCLC, revealing it to be well -tolerated and 
effective [1-3]. Thalidomide has been shown to have activ- 
ity in numerous malignancies [4,5]. Although the exact anti- 
tumor mechanism Is unknown, thalidomide exhibits both 
immuno-modulating and anti-angiogenk: effects [6]. Based 
on potentially synergistic mechanisms of action, thalido- 
mide has the potential to enhance the activity of conven- 
tional chemotherapy. To examine the efficacy and toxicity 
of adding thalidomide to conventional cytotoxic agents, car- 
boplatin and irinotecan, we conducted a single-arm phase il 
study in patients with untreated extensive stage SCLC. 

Four cycles of chemotherapy with carboplatin AUC 5 
day 1 and irinotecan 50mg/m 2 i.v. days 1 and 8 were 
planned every 21 days. Thalidomide was initiated day 1 at 
200 mg daily and increased 100mg weekly to a total dose 
of 400 mg dally. Hematologic and non- hematologic toxici- 
ties were monitored. Overall response was assessed using 
RECIST criteria. 

Six Individuals (four males, two females), with a mean 
age of 65 years (range 53-72), were enrolled (Table 1). 
Median thalidomide duration was 36 days (range 13-64). 
No patients were able to tolerate thalidomide beyond -2 
months from study entry. All enrolled patients discontin- 
ued thalidomide due to intolerances and associated adverse 
events. As a result, the study was unable to meet its primary 
objective of assessing response rate of the triple combi- 
nation and was stopped by the investigators. Of note, the 
discontinuation of thalidomide in one patient, due to grade 
III neutropenia, was not warranted by protocol. 



Treatment-related, grade III adverse events included 
diarrhea, dizziness, drug reaction, neutropenia, and rash. 
Partial response was identified in two patients. Two 
grade 111 thrombotic events (bilateral deep venous throm- 
boses/pulmonary embolism and cerebellar stroke) occurred, 
but the association to thalidomide administration was uncer- 
tain. 

This trial proposed the addition of thalidomide to the 
combination of carboplatin and irinotecan in individuals with 
extensive stage SCLC. Unfortunately, treatment-related side 
effects limited not only the ability of patients to titrate 
thalidomide to the maximum goal but also to continue the 
medication altogether. 

Alternative strategies exploring the potential combina- 
tion of thalidomide with conventional chemotherapy in SCLC 
are ongoing. A phase ill randomized, double-blind, placebo- 
controlled multi-center trial, sponsored by the London Lung 
Cancer Group, plans to investigate the effectiveness of com- 
bining carboplatin and etoposide with or without thalido- 
mide in patients with both limited and extensive stage SCLC. 
Thalidomide is also being investigated as part of a NCI phase 
H trial for patients with extensive stage SCLC that have 
responded previously to chemotherapy. 

Although the results from this trial suggest that thalido- 
mide in combination with carboplatin and irinotecan is 
not feasible, the prospects of other anti-angiogenic agents 
in treating SCLC should not be forsaken. Ongoing studies 
combining chemotherapy with newer thalidomide-analogues 
with improved side effect profiles or other vascular- 
targeting agents offer the possibility of improved tolerability 
and further assessment of response. 
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DRUG NAME; TOPOTECAN 

SYNONYM(S): Topotecan hydrochloride, NSC-609699 

COMMON TRADE NAME(S): HYCAMTIN® (notice of compliance, 1 April 1997; patent expires 2 September 2009) 
CLASSIFICATION: Topoisomerase I inhibitor, cytotoxic 

Special pediatric considerations are noted when applicable, otherwise adult provisions apply. 
MECHANISM OF ACTION: 

Topotecan is a semisynthetic, water-soluble derivative of camptothecin, which is a cytotoxic aikaioid extracted from 
plants such as Camptotheca acuminata. Topotecan has the same mechanism of action as irinotecan. It inhibits the 
action of topoisomerase I, an enzyme that produces reversible single-strand breaks in DNA during DNA replication. 
These single-strand breaks relieve torsional strain and allow DNA replication to proceed. Topotecan binds to the 
topoisomerase l-DNA complex and prevents religation of the DNA strand, resulting in double strand DNA breakage 
and eel! death. 3 Unfike irinotecan, topotecan is found predominantly in the inactive carboxylate form at neutral phi 
and it is not a prodrug. As a result, topotecan has different antitumour activities and toxicities from irinotecan. 4 
Topotecan is a radiation-sensitizing agent 5 It is cell cycle phase-specific (S-phase). 6J 



PHARMACOKINETICS: 



Interpatient variability 


large interpatient and intrapatient variability 7 8 


Oral absorption 


30-40% absorbed; oral route is being studied in clinical trials. 9,10 


time to peak plasma 
concentration 


within 1-2 h 9,10 


Distribution 


evenly distributed between blood cells and plasma; extensively distributed into tissues 6 


cross blood brain 
barrier? 


CSF to plasma ratio is 29% after a 24-hour infusion and 42% 
after a 72-hour infusion 6 


volume of distribution 


130 L (reduced by 25% in patients with CrCI of 20-39 mL/min) 3 


plasma protein binding 


35% 3,11 


Metabolism 


Undergoes reversible, pH-dependent hydrolysis of the active lactone moiety to the inactive 
hydroxyacid (carboxylate) form. The lactone form is present at pH < 4 and the hydroxyacid 
form predominates at physiologic pH. Relatively smali amount of topotecan is metabolized 
by hepatic microsomal enzymes to an active metabolite, A/-demethyltopotecan. 5,6,12 The 
clinical significance of this metabolite is not known. 6 


active metabolite(s) 


lactone form, A/-demethyltopotecan 


inactive metabotite(s) 


hydroxyacid form 3 , glucuronides of topotecan and N- 
demethyltopotecan 


Excretion 


biliary and renal excretion 


bile 


extent of biliary excretion not determined 14 


urine 


20-60% of dose 


terminal half life 


2-3 h (increased to 5 h in patients with CrCI of 20-40 mL/min) 3 


clearance 


1030 mL/min (decreased by 33% in patients with CrCI of 40-60 
mL/min, by 66% with CrCI 20-40 mL/min); (decreased by 33% 
with bilirubin of 30-255 umol/L) 3 


Gender 


clearance 24% lower in females but no dosage adjustment required 3,11 


Elderly 


no clinically significant difference in females; no information found on males 
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Topotecan 



Children 


clearance simiiar to adults when given as a 24-hour continuous infusion 


Ethnicity 


no information found 



Adapted from reference 1 1 unless specified otherwise. Data pertained to 30 min IV infusion unless specified otherwise. 



USES: 



Primary uses: Other uses: 

*Ovanan cancer 1 ^ 17 *Lung cancer, small cell 18 " 20 

Gliomas 21 

Leukemia, acute myelogenous 22 23 
Leukemia, chronic myelomonocytic 24,25 
Lung cancer, non-small cell 26 



Multiple myeloma 27 
Myelodyspiastic syndrome* 
Neuroblastoma 29 
Pancreatic cancer 30 31 
Retinoblastoma 29 
Rhabdomyosarcoma 29,32 
Sarcoma, Ewng's 29 



24,25,28 



*Heaith Canada Therapeutic Products Programme approved indication 



SPECIAL PRECAUTIONS: 



Renal dysfunction: Contraindicated in patients with severe renal dysfunction (CrCI < 20 mL/min). 11 

Carcinogenicity: There is some evidence linking therapy with topoisomerase i inhibitors such as topotecan to the 
development of acute leukemias associated with specific chromosomal translocations. Long-term animal studies 
have not been done. 3 

Mutagenicity: Mutagenic in mammalian in vitro and in vivo mutation tests, but not mutagenic in bacterial in vitro 
mutation tests. 3,11 

Fertility: No information found. 3 

Pregnancy: FDA Pregnancy Category D. 3 There is positive evidence of human fetal risk, but the benefits from use 
in pregnant women may be acceptable despite the risk (eg, if the drug is needed in a life-threatening situation or for 
a serious disease for which safer drugs cannot be used or are ineffective). 

Breastfeeding is not recommended due to the potential secretion into breast milk. 3,11 

SIDE EFFECTS: 



ORGAN SITE 


SIDE EFFECT 


ONSET 


Dose-limiting side effects are in bold, italics 
f = immediate (onset in hours to days); E = early (days to weeks); 
D = delayed (weeks to months); L = late (months to years) 


blood/bone marrow 
febrile neutropenia 


anemia (89%, severe 37%) 

nadir 15 days, recovery within 7 days 3 16 


E 
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